Abstract: Quantum chemical reactivity descriptors such as molecular weight, heat of formation, total energy, HOMO energy, LUMO energy, absolute hardness and electronegativity have been used to develop QSAR model of the inhibitors of the enzyme, acetylcholinesterase, AchE. The inhibitors used are O-phosphorylated oxime derivatives. The inhibitory activities of various derivatives against the enzyme, acetylcholinesterase has been taken from literature. The values of various descriptors have been evaluated by using Win MOPAC 7.21 software with the help of PM3, PM5 and DFT methods. Thus three different methods have been employed to certify the reliability of QSAR study. Multiple linear regression analysis has been made with the help of above mentioned descriptors using the same software. Three different sets of regression equations are thus obtained corresponding to the three different methods. The first set of models has been drawn up with the help of PM3 calculations and the best model in this set having the correlation coefficient, r 2 as 0.78 and the cross-validation coefficient, r 2 cv as 0.60 has been chosen as the QSAR model. The second set of models has been drawn up with the help of PM5 calculations and the best model in this set having the correlation coefficient, r 2 as 0.78 and the cross-validation coefficient, r 2 cv as 0.63 has been chosen as the QSAR model. Finally, the third set of models has been developed with the help of DFT calculations for the same series of derivatives by using B88-PW91 GGA energy functional with the DZVP basis set. The best model by DFT method has correlation coefficient, r 2 as 0.79 and cross-validation coefficient, r 2 cv as 0.64 and so this has been chosen as the QSAR model for this method. The DFT models have a higher predictive power than PM3 and PM5 methods as evident from the regression parameters. Present study has also been helpful in developing a relationship between electronegativity and anticholinesterase activity of O-phosphorylated oxime derivatives which has never been studied before.
Introduction
Acetylcholinesterase, AchE, an enzyme responsible for various neurological disorders in the human beings works by breaking down the neuromessenger, acetylcholine which assists memory, thought and judgment and thus reducing the level of the same in the brain cells. Various anticholinesterases, the inhibitors of the enzyme, AchE, have been synthesized by different workers at different times and one of them being the O-phosphorylated oxime derivatives. Organophosphorous compounds (OPCs) including O-phosphorylated oxime derivatives have been widely used as anticholinesterases for treating schistosomiasis, glaucoma and Alzheimer's disease [1] [2] [3] . QSAR, a quantum chemical technique 4, 5 , is known to relate the biological activity of compounds with their molecular structure 6 and has been extensively used as predicting tool in rational drug design [7] [8] [9] [10] [11] . QSAR analysis makes it possible to determine the contributions of various chemical structural elements of the molecules to its physiological effect as well as to detect the potential role of particular derivative. QSAR has recently been used to study the enzyme ' s inhibition 12, 13 . Literature survey reveals that attempts have never been made to explore the inhibition of the enzyme acetylcholinesterase, AchE, by inhibitors with the help of QSAR with the parameters we are employing to study. So we have taken this task into consideration and proceeded accordingly and have presented QSAR study of inhibitors of the enzyme AchE in this paper. We have taken 35 derivatives of O-phosporylated oxime derivatives and to corroborate the reliability of present work we have conducted a comparative QSAR study with the help of PM3 5 , PM5 14 and DFT techniques. This QSAR study of inhibitory activity of 35 derivatives of O-phosporylated oximes against the enzyme AchE has been made with the help of new set of descriptors; heat of formation 15 , eigen value of highest occupied molecular orbital 16 , eigen value of lowest unoccupied molecular orbital 17 , total energy 18 , absolute hardness 19, 20 and chemical potential 21 . These descriptors have been successfully employed for QSAR study recently 10 . Comparison of all the regression models indicate that the DFT models provide better results than other on the basis of correlation coefficient and other regression parameters and similarly on the basis of various statistical parameters.
The electronegativity, in DFT, is defined as the negative of a partial derivative of energy E of an atomic or molecular system with respect to the number of electrons N with a constant external potential ν(r)
(1) According to the earlier work of Iczkowski and Margrave 23 , eq. (1) may be rewritten as given below (assuming a quadratic relationship between E and N and in a finite difference approximation), χ = −µ = −(ΙΕ +ΕΑ)/2 (2) Where IE and EA are the vertical ionization energy and electron affinity respectively, which leads to the recovery of the electronegativity definition of Mullikan 24 . Moreover, a theoretical justification was provided for Sanderson's principle of electronegativity equalization, which states that when two or more atoms come together to form a molecule, their electronegativity become adjusted to the same intermediate value [25] [26] [27] . The absolute hardness 28 , η, is defined as
Where E is the total energy, N is the number of electrons of the chemical species and ν(r) is the external potential. Thus the operational definitions of absolute hardness and electronegativity are given as η =1/2(ΙE − ΕΑ) (4) χ = −µ = −(ΙΕ +ΕΑ)/2 (5) Where IE and EA are the ionization energy and electron affinity of the chemical species respectively. According to Koopman's theorem, IE is simply the eigen value of HOMO with change of sign and EA is eigen value of LUMO with change of sign 29 ; hence Eqs. 4 and 5 may be rewritten as η =1/2(ε LUMO − ε HOMO) (6) χ = -µ = 1/2(ε LUMO + ε HOMO) (7) The total energy has also been used as quantum chemical descriptor and is sum of the total electronic energy (E ee ) and the energy of the internuclear repulsion (E nr ).The total energy 19 of the system is given by
Where, Ρ is the density matrix and Η is the one-electron matrix 5 .
Experimental
The study materials of this paper are thirty five O-phosphorylated oxime derivatives which are presented in Table 1 . For QSAR prediction, the 3D modeling 5 and geometry optimization 30 Table 5 .
Results and Discussion
The various derivatives of O-phosphorylated oximes belong to the following three parent skeletons A, B and C. Table 1 .
The values of all the 7 chosen descriptors for all the thirty five derivatives of O-phosphorylated oxime derivatives have been calculated with the help of PM3, PM5 and DFT methods.
For the development of first set of QSAR models based on PM3 Hamiltonian, we have generated various regression equations by employing all variables and the best fitted equation of this set is Eq. (9) . The predicted activity (PA PM3 ) from Eq. (9) is given in Table 2 . The second set of QSAR models have been formed with the help of PM5-based results. Various regression equations have been generated by employing all the variables and the best fitted equation of this set is Eq. 10. The predicted activity from equation 10 is reported in Table 3 . The statistical quality of the equation is in a better range. The cross validation and correlation coefficients are 0.639776 and 0.786031 respectively. The third set of QSAR models have been developed with the help of DFT based results and various regression equation for activity prediction have been generated by employing the variable descriptors. The best fitted equation of this set is Eq. 11. The predicted activity from equation 11 is given in Table 4 . The results are reliable as is evident from the cross validation and correlation coefficients 0.647096 and 0.790293 respectively. The predicted values of activity are closer to observed values and hence are more reliable. Table 5 . 
VC is the variables counts
Also we have found a direct relationship between the electronegativity of the derivatives and the anticholinesterase activity of the derivatives, as the derivatives R 2 =F, CH 2 Cl and CHCl 2 have higher anticholinesterase activity as compared to the alkyl derivatives which is in accordance to the electronegativity principle. Thus as the electronegativity increases, anticholinesterase activity decreases, but there is no sequential rise or fall. In order to provide sequential relationship the derivatives are divided into four subgroups A, B, C and D. Derivatives 3, 5, 13, 25, 29, 30 and 31 do not follow sequential relationship. Therefore descriptor, electronegativity, provides us additional information for correlating the anticholinesterase activity for O-phosphorylated oxime derivatives. These results are presented in Table 6 . 
Conclusion
The study has shown that the best QSAR model (PA DFT =0.000829381 MW +0.0432 H f 0 -0.0443499 E T -8.86813χ+8.56448η-79.5063) is developed by DFT method. This model has been selected on the basis of the value of correlation coefficient (r^2 =0.790) followed by other regression parameter such as cross validation coefficient (rCV^2 = 0.647) and also on the basis of various validating statistical parameters like standard error (SE), standard error of estimation (SEE), F-statistics and p-value. This study thus concludes by saying; DFT method with quantum chemical descriptors like MW, H f 0, E T, χ and η has a better predicting power for the anticholinesterase activity of O-phosphorylated oxime derivatives. It is also concluded that there is a direct relationship between reported anticholinesterase activity of the O-phosphorylated oxime derivatives and electronegativity of the same. Thus, the electronegativity is considered to be the best quantum chemical descriptor to describe the activity of O-phosphorylated oxime derivatives against anticholinesterase.
